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E-mail address: barbara.kaup@uni-tuebingen.de (BIn two experiments using the action–sentence–compatibility paradigm we investigated the simulation
processes that readers undertake when processing state descriptions with adjectives (e.g., Die Schublade
ist offen/zu. [The drawer is open/shut]) or adjectival passives (e.g., Die Schublade ist geöffnet/geschlossen. [The
drawer is opened/closed]). In Experiment 1 we did not find evidence for action simulation, not even in sen-
tences with adjectival passives. The results were different in Experiment 2, where the temporal particle
noch (still/yet) was inserted into the sentences (e.g., The drawer is still closed). Under these circumstances
readers mentally simulated the action that brought about the current state for sentences with adjectival
passives, but the action that would change the current state for sentences with adjectives. Thus, com-
prehenders are in principle sensitive to the subtle differences between adjectives and adjectival passives
but highlighting the temporal dimension of the described states of affairs seems a necessary precondition
for obtaining evidence for action simulation with sentences that describe a state. We discuss implications
for future studies employing neuro-psychological methods.
 2009 Elsevier Inc. All rights reserved.1. Introduction
In language comprehension research it is nowadays commonly
assumed that understanding a sentence or text is tantamount to
representing the state of affairs that the sentence or text describes
rather than the sentence or text itself (Glenberg, Meyer, & Lindem,
1987; Johnson-Laird, 1989; Kelter, 2003; van Dijk & Kintsch, 1983).
A growing number of authors additionally assume that the repre-
sentations of the described states of affairs are experiential in nat-
ure, as they are grounded in perception and action. Comprehenders
presumably mentally simulate experiencing or re-experiencing the
described states of affairs to the effect that the meaning represen-
tations utilized in language comprehension are in principle of the
same type as those utilized in non-linguistic cognition such as per-
ception, imagery or action planning. According to this representa-
tional view, there is a common representational platform for both
linguistic and non-linguistic cognition (Barsalou, 2008; Glenberg,
1997; Zwaan, 2004).
Strong evidence for this experiential-simulations account of
language processing comes from neuroscience studies, in particu-
lar with respect to action simulation. For instance, studies using
brain imaging techniques, have shown that the processing of lin-
guistic materials referring to actions that are typically performedll rights reserved.
. Kaup).with certain effectors activates those sections of the premotor
and motor cortex that are specific for actions with the respective
effector (Hauk, Johnsrude, & Pulvermüller, 2004; Tettamanti
et al., 2005). Similarly, studies using transcranial magnetic stimu-
lation (TMS) have found that motor evoked potentials (MEPs) re-
corded from hand and foot muscles are specifically modulated by
listening to hand-action-related vs. foot-action-related sentences,
respectively (Buccino et al., 2005; Glenberg et al., 2008; see also
Aziz-Zadeh, Wison, Rizzolatti, & Iacoboni, 2006; de Vega, Robert-
son, Glenberg, Kaschak, & Rinck, 2004; for a review, see Fischer &
Zwaan (2008)).
In addition to neuroscience studies of this sort, numerous
behavioral studies have provided evidence for motor resonance
during language comprehension. One particularly elegant behav-
ioral paradigm was first introduced by Glenberg and Kaschak
(2002). In a sentence–sensibility–judgement task, participants
were presented with sentences such as: (1) that described an ac-
tion involving an arm movement either towards or away from
the protagonist (e.g., opened vs. closed, respectively).
(1) You opened/closed the drawer.
The critical manipulation concerned the movement that was
required for correctly responding to the sensibility-judgement
task: for half of the participants, pressing the ‘yes’ button required
a movement towards their body and for the other half, a move-
1 Note that the adjectival passive formation is highly productive in German,
whereas in English the possibility of building adjectival passives seems to be blocked
if there is an alternative primary adjective as in (6a), in German adjectival passives are
systematically available for almost any verb; cf. Gese et al., submitted for publication;
Maienborn, 2009.
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action described in the sentence either matched or mismatched
the required response movement. In line with the hypothesis that
participants experientially simulate the described actions, sen-
tence-reading times were significantly faster in the match than
in the mismatch condition. This action–sentence–compatibility
effect (ACE) is very robust. It has been replicated in different exper-
imental settings (e.g., Taylor & Zwaan, 2008; Zwaan & Taylor, 2006;
for an overview see, Fischer & Zwaan (2008)), and is observed even
if the movement implied in the sentence is not concrete as in (1)
but more abstract as in (2) (Glenberg & Kaschak, 2002, see also
Glenberg et al., 2008).
(2) He told you the story.
To conclude, there is considerable evidence that the processing
of linguistic material describing particular actions indeed activates
the mental system that is responsible for action representation in
non-linguistic cognition.
In the present experimental work we asked whether action sim-
ulation during language comprehension only takes place when
processing sentences that describe an action, or whether it is pos-
sible to obtain action-simulation effects even with sentences that
describe a state. Research concerned with the human visual system
has demonstrated that humans can and regularly do extrapolate
dynamic information from static pictures that imply motion. For
instance, in a recent TMS-study by Urgesi, Moro, Candidi, and Agl-
ioti (2006). It was found that the mere observation of static snap-
shots of hands suggesting a pincer-grip action induced an increase
in corticospinal excitability specific for the muscle that would be
activated during actual execution of the action. This increase was
only observed for pictures implying ongoing action but not for
snapshots of hands suggesting a completed action. Based on the
notion that a snapshot of an ongoing action conveys dynamic infor-
mation about forward and backward action paths, whereas a snap-
shot of a completed action only conveys information about
backward action paths, this finding is interpreted as suggesting
that the motor system is maximally activated by the extrapolation
of the future trajectory of body actions. Presumably, anticipation of
the future position is of special relevance as it allows the future po-
sition of moving entities to be anticipated, which helps to bridge
discontinuities in visual inputs, and thus enables humans to
optimally interact with the external world (cf. Urgesi et al.,
2006). The idea that the human system is tuned to the
extrapolation of the future trajectory of body actions is also in
accordance with the finding that the action system is activated
when humans observe objects that afford certain manipulations
(e.g., tools; Chao & Martin, 2006; see also Richardson, Spivey, &
Cheung, 2001).
On the basis of these findings, one could predict that linguis-
tic state descriptions give rise to action simulation only if they
suggest that a future action will cause a change of state but
not if they imply a certain past action that has brought about
the current state. That is, action simulation for state descriptions
would always be future-oriented. However, we also consider it
possible that language deviates from the processing of visual
scenes in this respect. Language is a powerful tool that allows
many different perspectives on one and the same state of affairs
to be conveyed. For instance, if a sentence describes a state but
in addition unequivocally conveys that this state is the result of
a certain past action then it would be conceivable that this past
action is being simulated during comprehension even for stative
sentences.
For our study we exploited the fact that German (as many other
languages) displays two kinds of passives: an eventive, or verbal,
passive, and a so-called ‘‘stative” or ‘‘adjectival”, passive; cf.Emonds, 2005. English does not mark this difference overtly – both
verbal and adjectival passives are expressed by an -en/-ed partici-
ple in combination with a form of to be. Thus a sentence such as
(3) is ambiguous between an eventive and a stative reading and
can be disambiguated by linguistic or extra-linguistic context (cf.
(3a) and (3b)). The manner adverbial quickly and the agent phrase
by the mother in (3a) highlight the verbal passives’s eventive read-
ing whereas the conjunction with the adjective short in (3b) selects
for the adjectival passive’s stative reading.
(3) The child’s hair was dyed.a. The child’s hair was quickly dyed
by the mother.eventive readingb. The child’s hair was short and dyed.
(verbal passive)
stative reading
(adjectival passive)That is, in English the same form to be is used for both the verbal
and the adjectival passive, which makes it difficult to tease them
apart. In a language like German the situation is more transpar-
ent, because verbal and adjectival passives are expressed by dif-
ferent means. The verbal passive is formed by combining an -
en/-t participle with the passive auxiliary werden (‘become’); cf.
(4). The adjectival passive is formed using the copula sein (‘be’);
cf. (5).(4) Das Haar wurde gefärbt.
The hair became dyed only eventive reading
‘The hair was dyed.’ (verbal passive)(5) Das Haar war gefärbt.
The hair was dyed only stative reading
‘The hair was dyed.’ (adjectival passive)Thus, in (5) the verb phrase (VP) of the sentence (i.e., war gefärbt)
unambiguously expresses a stative property: it refers to an attribute
that is ascribed to the entity referred to by the subject noun phrase
(NP), not to an event, as is evidenced by the fact that it cannot be
combined with a manner adverbial such as langsam [slowly] (*Das
Haar war langsam gefärbt [The hair was slowly dyed]).
Nevertheless an adjectival passive clearly differs from a corre-
sponding adjectival sentence. Take, e.g., the pair in (6)1:(6) a. Die Schublade ist leer.
‘The drawer is empty.’
b. Die Schublade ist geleert.
‘The drawer is emptied.’Both sentences in (6) describe a state of being empty but only (6b)
implies that this state is the result of a past event of emptying the
drawer. Sentence (6a), on the other hand, remains neutral as to
whether the current state of being empty has been brought about
by some past emptying event or whether the drawer never had any-
thing in it (see Gese, Maienborn, & Stolterfoht, submitted for publi-
cation; Kratzer, 2000; Maienborn, 2007; Rapp, 1998, for linguistic
analyses of the German adjectival passive). Thus, German is partic-
ularly suitable for empirically investigating the question of whether
state descriptions give rise to action simulation when the sentence,
despite describing a state, unequivocally implies that this action
took place in the past and brought about the current state. If the an-
swer to this question is ‘‘yes”, then two sentences such as (6a) und
(6b), both describing a state (i.e., being empty), should give rise to
very different simulations. Only sentence (6b) should lead to the
simulation of emptying the drawer.
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sentence–compatibility study à la Glenberg and Kaschak (2002).
Participants were presented with sentences that mentioned a par-
ticular target entity (e.g., the drawer of a desk) and described it to
be in one of two states (closed or open). The two different states for
each sentence were always such that the action that (possibly)
brought about the current state involved for the agent either an
arm movement towards the body (for a drawer to become open,
the agent needs to pull it towards the body) or an arm movement
away from the body (for a drawer to become closed, the agent
needs to push it away from the body). The state was expressed
either by means of an adjectival passive (8) or by means of an
adjective (7). As stated above, whereas (7) remains silent about
whether the described state has been brought about by a corre-
sponding event of opening (closing) the drawer, sentence (8)
unequivocally implies that such an action has taken place.(7) Die Schreibtischschublade ist offen/zu.Table 1
Sample materials employed in Experiment 1.
Sentence
Die Schublade ist offen. (the drawer is open)
Die Schublade ist geöffnet. (the drawer is opened)
Die Schublade ist zu. (the drawer is shut)
Die Schublade ist geschlossen. (the drawer is closed)
Die Schublade ist nicht offen. (the drawer is not open)
Die Schublade ist nicht geöffnet. (the drawer is not opened
Die Schublade ist nicht zu. (the drawer is not shut)
Die Schublade ist nicht geschlossen. (the drawer is not closadjective
The desk drawer is open/shut
‘The drawer of the desk is open/shut.’(8) Die Schreibtischschublade ist geöffnet/
geschlossen.adjectival passiveThe desk drawer is opened/closed
‘The drawer of the desk is open/closed.’The participants’ task was to judge the sensibility of the sentences.
For half of the participants a ‘yes’-response required an arm move-
ment towards the body, for the other half an arm movement away
from the body. Thus, the response movement either matched or
mismatched the movement that (possibly) brought about the cur-
rent state (henceforth ‘‘inducing movement”).
If a state description implying a certain past action that has
brought about the current state leads to a mental simulation of this
action, then we should observe an ACE with respect to the inducing
movement for sentences with adjectival passives (e.g. (8)). Re-
sponse times should be shorter if the response movement matches
rather than mismatches the inducing movement. For sentences
with adjectives (e.g. (7)) we do not expect such an effect, as the
sentence does not imply a past action that has brought about the
current state. Thus, we expect an interaction between the match/
mismatch manipulation and the form of the sentence (adjectival
passive vs. adjective). Such a finding would be interesting in at
least three respects. First, it would indicate that action-simulation
effects can also be obtained with sentences describing states,
rather than actions. Second, it would suggest that linguistically im-
plied actions are being simulated even if they happened in the past,
that is, even if they already lie behind the actual reference time
that is established by the sentence. Third, such a result would show
that readers are sensitive to the subtle differences in meaning be-
tween adjectives and adjectival passives and, moreover, that this
difference is reflected in the mental simulations constructed dur-
ing comprehension.
We also included two versions that described the same states of








ed) Neg(9) Die Schreibtischschublade ist nicht zu/geschlossen.
The desk drawer is not shut/closed
‘The drawer of the desk is not shut/closed.’It is well known that negation may be used to communicate devia-
tions from expected or desired states of affairs (Givón, 1978; Horn,
1989; Lüdtke & Kaup, 2006; Schindele, Lüdtke, & Kaup, 2008; Wa-
son, 1965). A sentence such as (9) may therefore be interpreted as
an indirect request to the recipient to close the drawer (for the no-
tion of indirect request, see e.g., Levinson, 1983; Noveck & Sperber,
2004). If so, the recipient can be expected to anticipate the required
movement by mentally simulating it. This in turn should result in
an ACE for the negative sentences, not with respect to the inducing
movement but with respect to the movement that changes the cur-
rent state into the expected/desired state (for the example above,
the movement required to close the drawer; in the following, ‘‘mod-
ifying movement”). It should be noted that the modifying move-
ment is a future-oriented movement. Thus, if implied movements
are only simulated if they are about to occur but not if they have al-
ready taken place, then we should not obtain the effects predicted
above with respect to the inducing movement. Nevertheless, the
potential ACEs predicted for the negative sentences (with respect




Forty students at the Berlin University of Technology partici-
pated for course credit or a payment of 8 €/h. All participants were
native speakers of German.
2.1.2. Materials
There were 64 sensible sentences and 64 non-sensical sen-
tences. Thirty-two of the sensible sentences acted as experimental
items. They appeared in eight versions, realizing a 2 (polarity:
affirmative/negative)  2 (form: adjective/adjectival pas-
sive)  2 (state: open/closed) design (see Table 1 for an overview;
see Appendix for a complete list of the stimuli).
2.1.3. Design and procedure
The 32 experimental items were assigned to eight sets, the 40
participants to eight groups, and the assignment of versions to sets
and groups was according to a 8  8  8 Latin square. Each partic-
ipant read all 32 experimental items intermixed with all 96 filler
items. ‘Yes’ and ‘No’-response buttons were arranged on the key-
board such that for half of the participants, a ‘yes’-response re-
quired a movement away from their body, and for the other half
a movement towards their body.
For the analyses we collapsed across the two states of each sen-
tence (open vs. closed), as well as across the two button-arrange-
ments (yes = away vs. yes = towards), and analyzed the data
depending on whether the response movement matched theForm State Matchinduce Matchmodify
Adj Open yes = towards yes = away
AdjP Open yes = towards yes = away
Adj Closed yes = away yes = towards
AdjP Closed yes = away yes = towards
Adj Closed yes = away yes = towards
AdjP Closed yes = away yes = towards
Adj Open yes = towards yes = away
AdjP Open yes = towards yes = away
162 B. Kaup et al. / Brain & Language 112 (2010) 159–166movement that (possibly) brought about the current state (induc-
ing movement) or the movement that would change the current
state (modifying movement). Thus we employed a 2 (polarity:
affirmative vs. negative)  2 (form: adjective vs. adjectival pas-
sive)  2 (match: inducing movement vs. modifying move-
ment)  8 group/set design with repeated measurement on the
first three variables in both analyses.
Sentence presentation was self-paced by the participants. Each
trial began with the participant pressing the ‘‘presentation-key”
that displayed the sentence on the computer screen. When the
key was released, the sentence disappeared and the participant re-
sponded with either the ‘yes’ or the ‘no’ key to the sentence-sensi-
bility judgement task. We measured the time that participants
pressed the presentation key (reading time). Each experimental
session lasted approximately 20 min.2.2. Results and discussion
We analyzed the reading times of experimental sentences
which were correctly identified as sensible. Reading times longer
than 10,000 ms or shorter than 200 ms were omitted. In determin-
ing outliers within the remaining reading times, we took not only
differences among the participants into account, but also differ-
ences among the items. We employed a two-step procedure: First,
the reading times of each participant were converted to z-scores.
Second, these z-scores were again converted to z-scores per item
and condition. Reading times with a z-score deviating more than
2.5 standard deviations from the mean z-score of that item in the
respective condition were discarded. This eliminated less than
4.0% of the data.
We submitted the remaining reading times to two analyses of
variance, one based on participant variability (F1), the other based
on item variability (F2). We will not report the effects of the count-
erbalancing factors ‘group’ (analysis by participants) and ‘set’
(analyses by items) as these were only included in the analyses
in order to reduce error-variance (cf. Pollatsek & Well, 1995) but
lack theoretical relevancy.
The mean reading times in the eight different conditions are
displayed in Fig. 1 (error bars represent confidence intervals for
mixed designs determined according to Masson & Loftus (2003)).
Reading times were significantly shorter in the affirmative than
in the negative conditions ðF1ð1;32Þ ¼ 41:6; p < :001; g2 ¼ :57;
F2ð1;24Þ ¼ 25:5; p < :001; g2 ¼ :52Þ, which is hardly surprising
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Fig. 1. Mean sentence reading times as a function of sentence polarity (affirmative
vs. negative), response movement required for correct response (inducing move-
ment vs. modifying movement), and sentence form (adjective vs. adjectival passive)
in Experiment 1.corresponding affirmative sentences. Other than that there were
no significant effects (form: F1ð1;32Þ ¼ 1:1; p ¼ :30; g2 ¼ :03;
F2ð1;24Þ < 1); match: both Fs < 1; polarity-by-match:
F1ð1;32Þ ¼ 2:4; p ¼ :13; g2 ¼ :07; F2ð1;24Þ < 1; form-by-match:
F1ð1;32Þ < 1; F2ð1;24Þ ¼ 1:1; p ¼ :30; g2 ¼ :05; polarity-
by-form: F1ð1;32Þ ¼ 1:3; p ¼ :26; g2 ¼ :04; F2ð1;24Þ ¼ 1:6; p ¼
:21; g2 ¼ :06; polarity-by-form-by-match: both Fs < 1.
The results do not provide conclusive evidence for the hypoth-
esis that readers simulate inducing movements that are implied by
sentences describing states. Nor do they provide evidence that
negative state descriptions are interpreted as indirect requests
and lead readers to anticipate and mentally simulate the requested
action. Numerically, the observed reading time pattern is in line
with the prediction that readers simulate the movement that (pos-
sibly) brought about the current state for affirmative sentences,
and the movement that would change the current state for nega-
tive sentences, but the relevant differences were not significant.
Moreover, there was no qualitative difference between sentences
with adjectives and adjectival passives. In fact, the results obtained
with adjectival passives looked remarkably similar to the results
obtained with adjectives.
It is always difficult to draw conclusions from null effects. In
this case, one reason for the null result may be that although read-
ers did simulate the inducing and/or the modifying movements,
our experimental design was simply not powerful enough to un-
earth the effects. Another possibility is that readers of sentences
describing a state indeed focus on the described state, even if the
sentence implies that a particular movement has taken place in
the past that brought about the current state. This possibility
would be in accord with the hypothesis that the motor system is
mainly activated by the extrapolation of the future trajectory of
body actions (cf. Urgesi et al., 2006). The fact that no effect was ob-
served with respect to the modifying movement for negative sen-
tences may indicate that the negative sentences were not
interpreted as indirect requests and thus did not give rise to action
simulation.
A third possibility is that readers simulate movements that are
implied by the linguistic stimuli only under special circumstances.
For instance, it is conceivable that readers only simulate inducing
or modifying movements when their attention is drawn towards
the temporal dynamics of the described states of affairs – in our
case, towards the fact that the target object may have been in a dif-
ferent state in the past and/or may be in a different state in the
future.
An interpretation, according to which the hypothesized effect is
dependent on whether or not the reader’s attention is being drawn
toward the relevant aspects of the described situation, would be in
line with the results of a recent study by Ulrich and Maienborn
(submitted for publication) that investigated the hypothesis of a
left–right coding of past and future events in language comprehen-
sion. Participants read sentences that either described a past or a
future event. If their task was to decide whether the event took
place in the past or the future, response times were affected by
whether or not the ‘past’ and ‘future’-responses were mapped onto
the matching hand (match: past = left, future = right; mismatch:
past = right, future = left). By contrast, if their task was a sen-
tence–sensibility judgment task (for which the question of
whether events happened in the past or will happen in the future
is irrelevant), no match/mismatch effect emerged: there was no
interaction between the content of the sentence (past vs. future
event) and the hand that was required for responding to a sensible
sentence. There are different explanations for this finding. One pos-
sibility is that readers locate described events in time only if the
experimental task draws attention towards this aspect of the de-
scribed states of affairs. Applied to our study, we consider it possi-
ble that readers simulate the inducing and/or modifying
3500
4000
B. Kaup et al. / Brain & Language 112 (2010) 159–166 163movements only if the experimental setting highlights the change-
ability of the described states.
Experiment 2 was designed to test this hypothesis. Instead of
directly manipulating the experimental task (as in the Ulrich and
Maienborn study), we changed the linguistic materials employed
in the experiment in such a way that the relevant information
would be highlighted. In this experiment, participants were pre-
sented with the same materials as in Experiment 1, except that
we inserted the temporal particle noch (still/yet) into the sentences
(cf. (10) and (11)).
(10) Die Schublade ist noch zu/geschlossen. ‘The drawer of the desk is
still shut/closed.’
(11) Die Schublade ist noch nicht zu/geschlossen. ‘The drawer of the
desk is not yet shut/closed.’
We reasoned that this would highlight the temporal dynamics of
the described situation, in particular the changeability of the target
entity’s state. In other words it would draw attention to the fact
that the target entity may have been in a different state in the past
and/or may be in a different state in the future. If so, we might find
evidence for simulations of inducing and/or modifying movements
in this experiment.
It should be noted that in addition to highlighting the dynamics
of the described situation, the temporal particle noch may increase
the probability that the negative sentences are being interpreted as
indirect requests (i.e., to close the drawer for The drawer is not yet
closed), and may even suggest such an interpretation for the affir-
mative sentences as well (i.e., to close the drawer for The drawer is
still open). Thus, although we may not find any effects reflecting
simulations of the inducing movement (for instance because only
future implied movements are being simulated; see above), we
should still observe action-simulation effects in the present exper-
iment, namely ACEs with respect to the modifying movement.
Even if readers do not adopt an indirect-request interpretation,
they may still anticipate a future movement that changes the cur-
rent state, because the temporal particle noch indicates that a
change of state is to be expected.
One could argue that if readers anticipate the modifying move-
ment not only for the negative but also for the affirmative sen-
tences, then they should do so for sentences with adjectives as
well as for sentences with adjectival passives. However, even if
both are interpreted as implying a modifying movement and
therefore eventually lead to simulations of this movement, we
should still observe differences between the two types of sen-
tences if readers in the present experiment simulate the inducing
movement for sentences with adjectival passives but not for sen-
tences with adjectives, as our hypothesis predicts. At the very
least, potential ACEs with respect to the modifying movement
should be smaller for the adjectival passive versions, as here the
effects should be counteracted by the effects of simulating the
inducing movement.induce   modify   induce    modify2000
2500
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3.1. Method
3.1.1. Participants
Forty students of the Berlin University of Technology partici-
pated for course credit or a payment of 8 €/h. All participants were
native speakers of German.adjective adjectival passive
Fig. 2. Mean sentence reading times as a function of sentence polarity (affirmative
vs. negative), response movement required for correct response (inducing move-
ment vs. modifying movement), and sentence form (adjective vs. adjectival passive)
in Experiment 2.3.1.2. Materials
The materials were the same as in Experiment 1, except that the
temporal particle noch (still) was included in the sentences afterthe copular verb ist (e.g., Die Schublade ist noch (nicht) offen/zu/
geöffnet/geschlossen).3.1.3. Design and procedure
The design and procedure were the same as in Experiment 1.3.2. Results and discussion
Reading times were analyzed as in Experiment 1. Outlier elim-
ination reduced the data set by less than 3.5%. The data of one par-
ticipant were eliminated, as there had been technical problems
during sentence presentation in the respective experimental ses-
sion. The means of the remaining reading times in the eight differ-
ent conditions are displayed in Fig. 2 (error bars represent
confidence intervals for mixed designs determined according to
Masson & Loftus (2003)). The results look quite different from
those obtained in Experiment 1: for sentences with adjectival pas-
sives, sentence-reading times were shorter when the response
movement matched the inducing movement. For sentences with
adjectives, sentence-reading times were shorter when the re-
sponse movement matched the modifying movement. This
difference was reflected in the statistical analyses. In addition to
main effects of polarity ðF1ð1;31Þ ¼ 15:9; p < :001; g2 ¼ :34;
F2ð1;24Þ ¼ 6:3; p < :05; g2 ¼ :21Þ (probably being due to sen-
tence length) and form ðF1ð1;31Þ ¼ 5:8; p < :05; g2 ¼ :16; F2ð1;
24Þ ¼ 3:4; p ¼ :08; g2 ¼ :12Þ, there also was a significant form-
by-match interaction ðF1ð1;31Þ ¼ 9:7; p < :01; g2 ¼ :24; F2ð1;
24Þ ¼ 4:4; p < :05; g2 ¼ :16Þ. All other effects were not significant
(match: both Fs < 1; form-by-polarity: both Fs < 1; polarity-by-
match: both Fs < 1; match-by-form-by-polarity: both Fs < 1).
To further investigate the significant form-by-match interac-
tion, adjectives and adjectival passives were analyzed in separate
analyses. For adjectives, reading times were significantly shorter
in the matchmodify-condition than in the matchinduce-condition
ðF1ð1;31Þ ¼ 6:4; p < :02; g2 ¼ :17; F2ð1;24Þ ¼ 4:5; p < :05; g2 ¼
:16Þ. There also was a significant polarity effect in the analysis by
participants ðF1ð1;31Þ ¼ 7:4; p < :05; g2 ¼ :19; F2ð1;24Þ ¼ 2:3;
p < :15; g2 ¼ :09Þ but no polarity-by-match interaction (both
Fs < 1). By contrast, for adjectival passives, reading times were
significantly shorter in the matchinduce-condition than in the
matchmodify-condition in the by-participant analysis ðF1ð1;31Þ ¼
4:1; p ¼ :05; g2 ¼ :12; F2ð1;24Þ ¼ 1:1; p ¼ :31; g2 ¼ :04Þ. There
was a significant polarity effect in the analysis by items
164 B. Kaup et al. / Brain & Language 112 (2010) 159–166ðF1ð1;31Þ ¼ 2:4; p < :15; g2 ¼ :07; F2ð1;24Þ ¼ 4:7; p < :05; g2 ¼
:16Þ but no polarity-by-match interaction (both Fs < 1).
The results of this experiment are in line with the view that
readers are in principle sensitive to the subtle differences between
adjectives and adjectival passives. As hypothesized, ACEs were ob-
served with respect to the inducing movement in the adjectival-
passive conditions but not in the adjective conditions. This sug-
gests that readers simulated the inducing movement when reading
state descriptions with adjectival passives but not when reading
state descriptions with adjectives. This is plausible as the inducing
movement is unequivocally implied by the adjectival-passive sen-
tences but not by the adjective sentences.
The finding that the inducing movement is simulated for sen-
tences with adjectival passives but not for sentences with adjec-
tives is in line with a recent study in which sentences with
adjectives and adjectival passives were presented in different con-
texts (cf. Stolterfoth & Gese, 2008). In a moving windows paradigm
with a word-by-word presentation, participants read sentences
such as (12)–(14). The sentences described a particular state, either
by means of an adjective (i.e. tame) or by means of an adjectival
passive (i.e., tamed). The preceding linguistic material was avail-
able in three versions, and differed with respect to whether or
not the target entity had previously been in a different state (i.e.,
(12) and (13) vs. (14)), and whether or not a particular action
had taken place in the past that had brought about the change
(i.e., (12) vs. (13)).
(12) Wenn Gabi ein Eichhörnchen regelmäßig gefüttert hat, bis das Tier
keinerlei Scheu mehr vor ihr hat, dann ist das Eichhörnchen zahm/
gezähmt.
‘If Gabi has fed the squirrel regularly until the animal isn’t shy at
her anymore then the squirrel is tame/tamed.’
(13) Wenn sich das Eichhörnchen in Gabis Garten ohne Gabis Zutun an
sie gewöhnt hat, dann ist das Eichhörnchen zahm/ gezähmt.
‘If the squirrel in Gabi’s garden has got used to her without Gabi
doing anything, then the squirrel is tame/tamed.’
(14) Wenn ein Eichhörnchen schon von Geburt an keinerlei Scheu vor
Menschen gezeigt hat, dann ist das Eichhörnchen zahm/ gezähmt.
‘If a squirrel has shown no shyness of people from birth, then the
squirrel is tame/tamed.’
Self-paced reading times measured for the last word of the pas-
sages showed no context-effect for adjectives (i.e., tame). By con-
trast, for adjectival passives (i.e., tamed) reading times were
significantly shorter in the condition in which the current state
was brought about by a particular past action compared to the
other two conditions in which no such action had taken place in
the past. Acceptability judgements showed the same trend. Accept-
ability ratings were better for (12) than for (13) and (14) only in
the adjectival-passive versions, not in the adjective versions. Taken
together, these results indicate that readers indeed distinguish be-
tween adjectives and adjectival passives: they consider a past
event that brought about the current state a necessary pre-condi-
tion for the validity of an adjectival-passive sentence but not for
a sentence with an adjective. This finding supports the interpreta-
tion of our results according to which readers of state descriptions
mentally simulate the movement that brought about the current
state for sentences with adjectival passives but not for sentences
with adjectives.
However, let us return to the results in the present experiment,
in particular to the results for sentences with adjectives. For these,
we did not obtain a null effect but rather effects in the opposite
direction: for sentences with adjectives, reading times were short-
er if the response movement matched the modifying rather than
the inducing movement. This is in line with the view that the tem-
poral particle noch not only highlighted the changeability of the
described states but also led readers to anticipate and mentallysimulate the movement that would change the current state. A
possible reason may be that the sentences were interpreted as
indirect request to change the current state (see above). Alterna-
tively, noch may be interpreted as expressing the expectation that
the current state is about to change. No evidence was obtained for
the prediction that this tendency should be stronger for negative
than for affirmative sentences.
One might of course wonder why the tendency to anticipate a
modifying movement should only affect reading times for sen-
tences with an adjective and not for sentences with adjectival pas-
sives. Indeed, in our view this tendency should be the same for
both constructions. That no ACE with respect to the modifying
movement was observed for the adjectival-passive sentences is
probably due to the fact that noch not only led readers to anticipate
a future movement but also highlighted the possibility that the tar-
get entity may have been in a different state in the past. For the
adjectival-passive conditions this may have pushed the implied
inducing movement into the focus of attention, thus leading to
an ACE with respect to the inducing movement. It is of course
conceivable that readers simulate both movements when
processing sentences with adjectival passives, one after the other.
In this case movements matching the modifying movement should
be facilitated in the adjectival-passive conditions with a certain
delay.
It should be noted that a negative sentence with an adjectival
passive (e.g., The drawer is not yet closed) strictly speaking does
not imply the inducing movement. It is therefore not quite clear
why readers seem to simulate the inducing movement in the neg-
ative-adjectival-passive conditions. One possibility is that readers
employ a verbal-recoding strategy when processing the negative
sentences, that is, they transform the negative sentences into affir-
mative ones describing a similar state of affairs (i.e., noch nicht
geöffnet ) noch geschlossen). Positive evidence for such a process-
ing strategy was obtained in several studies for sentences with bin-
ary predicates (such as open/closed; even/odd, etc.; cf Trabasso,
Rollins, & Shaughnessy, 1971). As the materials in the present
study also employed binary predicates, such a verbal-recoding
strategy appears possible. More work is necessary to clarify this as-
pect of the results.4. General discussion
In two experiments, we investigated the simulation processes
that readers undertake when reading sentences that describe a
state (e.g., The drawer is closed). In particular, we asked whether
readers are sensitive to the subtle differences in meaning between
adjectives and adjectival passives in state descriptions. Whereas
sentences with an adjectival passive imply that a certain move-
ment has taken place in the past that brought about the current
state, sentences with an adjective do not imply such a movement.
In Experiment 1 we investigated whether this difference between
the two constructions is reflected in the simulation processes dur-
ing comprehension. The results of Experiment 1 suggest an answer
in the negative. The results looked remarkably similar for adjec-
tives and adjectival passives. No evidence for action simulation
was obtained.
In Experiment 2 the same materials were employed as in Exper-
iment 1 except that the temporal particle noch (still/yet) was in-
serted into the sentences. We argued that this would highlight
the temporal dimension of the described states of affairs, in partic-
ular the fact that the target entity may have been in a different
state in the past and/or may be in a different state in the future. In-
deed, with this modification we did find clear differences between
adjectival passives and adjectives. As predicted, an ACE was
observed with respect to the inducing movement for adjectival
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simulated the movement that brought about the current state
when processing the sentences with an adjectival passive. We also
observed ACEs for sentences with adjectives, but for the modifying
movement. We argued that this is probably due to the temporal
particle noch (still/yet) not only highlighting the temporal dimen-
sion of the described states of affairs but also leading readers to
anticipate a future movement that changes the current state.
Apparently readers mentally simulate this movement when
processing the sentences. Future research is necessary to find out
whether similar effects can be observed with adjectival
passives after a certain delay. May be readers in this case first
simulate the inducing movement and then the modifying
movement.
Overall, the results of the two experiments are in line with find-
ings from research concerned with picture processing that indicate
that humans extrapolate motion information from static pictures.
The present results go beyond these findings in showing that with
linguistic materials, action simulation is not confined to future ac-
tions but may also be performed for past actions, if these are im-
plied and highlighted by the specific wording used in the
sentences. An interesting question for future research would be
to investigate whether static pictures of completed actions also
give rise to action simulation if the relevancy of potential past ac-
tions is highlighted by the experimental task.
In addition to the affirmative sentences discussed up to now,
the experimental materials also included negative sentences. The
results of the experiments suggest that with respect to the sim-
ulated movements it does not make much of a difference
whether a state is being described by means of an affirmative
or a negative sentence. This is surprising, considering the evi-
dence in the literature that suggests that simulation processes
differ between affirmative and negative sentences describing
the same states of affairs (e.g., Kaup, Lüdtke, & Zwaan, 2005,
2006). As was argued above, we consider it possible that partic-
ipants in this experiment employed a verbal-recoding strategy
when processing the negative sentences (cf. Carpenter & Just,
1975; Trabasso et al., 1971). Future studies are necessary to find
out whether affirmative and negative sentences describing a par-
ticular state also lead to the same simulation processes if readers
are prevented from employing a verbal-recoding strategy during
comprehension.
An interesting question for future research is whether the null
results obtained in Experiment 1 reflect the fact that readers do
not simulate the inducing movement when the sentences do not
include the temporal particle noch or some other way of highlight-
ing the changeability of the described events. An alternative
hypothesis is that the effects were simply smaller under these con-
ditions and were therefore not picked up in the experiment. If so,
then a more sensitive experimental paradigm might display differ-
ences in the simulation processes associated with adjectives and
adjectival passives even when the sentences do not highlight the
temporal dimension. The action–compatibility paradigm that was
employed in the present study has the disadvantage that move-
ment simulation cannot be detected directly but must be inferred
from a behavioral effect, namely the ACE. A neuro-psychological
method with which movement simulation can be detected without
the detour via a behavioral effect may constitute a more sensitive
method for the present purpose. For instance, it would be interest-
ing to investigate the adjectival passive in a TMS study (see above).
Does a sentence such as (15) lead to muscle activity in the hands
when presented in the context of a basket-ball game but to muscle
activity in the feet when presented in the context of a soccer
game? If so, this would indicate that readers do simulate the past
event that brought about the current state described by an adjec-
tival passive.(15) Der Ball war bereits ins Tor katapultiert, als Simon aus seinem
Sekundenschlaf erwachte.
‘The ball was already slingshot into the goal when Simon awoke
from his mikrosleep.’
Furthermore, do sentences with an adjectival passive (i.e., (17)) lead to
more muscle activity than equivalent sentences with an adjective (i.e.,
(16)) but to less muscle activity than sentences with a verbal passive
(i.e., (18))?
(16) Die Tür war fest zu. ‘The door was firmly shut.’
(17) Die Tür war fest geschlossen. ‘The door was firmly closed.’
(18) Die Tür wurde schnell geschlossen. ‘The door was quickly closed.’
If they do, this would nicely match with the notion that a sen-
tence with an adjectival passive is sort of an in-between case with
respect to the state/event distinction: an adjective clearly describes
a state and a verbal passive (of an eventive verb) clearly describes
an event, whereas an adjectival passive (of an eventive verb) de-
scribes a state and implies that this state was brought about by
an event.
5. Conclusion
The present research was concerned with three interrelated
questions. First, can evidence for action simulation during sentence
comprehension be obtained with sentences that do not describe an
action but a state? Second, is action simulation in processing state
descriptions confined to future actions, as implied by research con-
cerned with picture processing, or is it possible to observe simula-
tion effects for implied past actions during comprehension? Third,
are comprehenders sensitive to the differences between adjectives
and adjectival passives when processing state descriptions? All
three questions can be answered with ‘yes’ but a qualification is
needed. Evidence for the simulation of past and future movements
during the processing of sentences that describe a state, and differ-
ences between adjectives and adjectival passives were observed
only when the sentences contained the particle noch that highlights
the temporal dimension, and in particular draws attention to the
changeability of the described states of affairs. On the basis of the
present data, we cannot decide whether bare adjectival passives
are like adjectives in that they focus the reader’s attention on the
described state, or whether the mental simulations of the inducing
movement are simply not as pronounced in this case. We argued
that future studies using neuro-psychological methods may help
to provide relevant information with respect to this issue.
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